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ABSTRACT
We present new L-band spectra of 13 outbursting Be stars obtained with
ISAAC at the ESO Paranal observatory. These stars can be classified in three
groups depending on the presence/absence of emission lines and the strength of
Brα and Pfγ emission lines relative to those of Humphreys lines from transitions
6–14 to the end of the series. These groups are representative of circumstellar
envelopes with different optical depths. For the group showing Brα and Pfγ
lines stronger than Humphreys lines, the Humphreys decrement roughly follow
the Menzel case-B for optically thin conditions. For the group showing compa-
rable Brα, Pfγ and Humphreys emission line strengths, the Humphreys decre-
ments moves from an optically thin to an optically thick regime at a transition
wavelength which is characteristic for each star, but typically is located around
3.65–3.75 µm (transitions 6–19 and 6–17). Higher order Humphreys lines probe
optically thin inner regions even in the optically thicker envelopes. We find evi-
dence of larger broadening in the infrared emission lines compared with optical
lines, probably reflecting larger vertical velocity fields near the star. The exis-
tence of the aforementioned groups is in principle consistent with the proposed
description by de Wit et al. (2006) for Be star outbursts in terms of the ejection of
an optically thick disk that expands and becomes optically thin before dissipation
into the interstellar medium. Time resolved L-band spectroscopy sampling the
outburst cycle promises to be an unique tool for testing Be star disk evolution.
Subject headings: stars: emission-line, Be – stars: mass-loss – stars: evolution –
stars: activity
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1. Introduction
Be stars are rapidly rotating dwarf or giant B type objects that show or have once
shown emissions in the Hα line (Jaschek & Jaschek 1987). Classical Be stars have moderate
infrared excesses that originate in the free-free and free-bound emission from ionized
circumstellar gas (Gehrz, Hackwell & Jones 1974; Waters 1986). Interferometric studies
have shown that this gas is concentrated towards the equatorial plane forming a dense
disk-like envelope extending extending up to ≈ 10 stellar radii from the stellar surface
(Grundstrom & Gies 2006, Quirrenbach et al. 1994, Stee et al. 1995). The IR region
is dominated by broad and bright emission lines arising from high levels of hydrogen
atoms (Briot 1981; Andrillat, Jaschek, & Jaschek 1988; Lenorzer et al. 2002a). He I, Mg II
and Na I emission lines in the K-band have also been reported (Clark and Steele 2000).
The IR line optical depths and line flux ratios display a large variation from star to star
(Persson & McGregor 1985) and do not correlate with the spectral type (Lenorzer et al.
2002a). Be stars are also intrinsically variable, some of them show mild periodic or irregular
photometric variability (Mennickent, Vogt & Sterken 1994, Sterken, Vogt & Mennickent
1996), whereas others show sudden brightenings usually attributed to mass ejections from
the surface of the stars, which can occur discretely over a range of timescales (Hubert,
Floquet & Zorec 2000, Mennickent et al. 2002, de Wit et al. 2006). These outbursts
probably induce variability in the opacity, the size and the geometry of the circumstellar
envelope. Thus our aim is to explore the physical properties of envelopes of outbursting Be
stars. To our purpose, we selected for an infrared spectroscopic study 6 Galactic Be stars
showing long-lived outbursts (duration several hundred days) and 7 showing short-lived
outbursts (duration days or tens of days) from the list of Hubert, Floquet & Zorec (2000).
The stars were selected spanning a wide range of projected rotational velocities and most
of them have been rarely studied spectroscopically. We hope contributing to the knowledge
of the L-band spectral region in Be stars and its relation with the circumstellar envelope,
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which have been hitherto scarcely studied.
2. Observations and data reduction
L-band spectra were obtained with the VLT Infrared Spectrometer and Array Camera
(ISAAC, Moorwood et al. 1998) at the ESO Cerro Paranal Observatory in service mode
during the nights of may 28–30, july 26, august 7–8 and september 3–4, 2003. The mode
long slit low resolution spectroscopy was selected along with a central wavelength of 3.5
µm. The pixel scale was 0.146 ′′/pixel. Two different setups were used, a narrow slit of
0.3′′ and other of 2′′, providing resolving power of 1200 and 180, respectively. As our
targets are bright, we had to use very short exposure times (0.3–2s) so that the detector
does not become saturate; this had no effect on the total number of counts recorded, since
the exposure time is controlled by the detector and no shutter geometrical bias is involved
during the photon acquisition. Images were reduced with the ISAAC pipeline. The spectra
were telluric corrected with the aid of early G-type telluric standards observed during the
run at similar airmasses that science objects using the procedure described in Maiolino,
Rieke & Rieke (1996). We built our telluric templates by dividing the telluric spectra
by a synthetic solar-type spectrum interpolated at the same resolution and wavelength
range. Then, we used the IRAF1 telluric task to remove telluric absorption lines from the
science objects. The telluric bands were successfully removed from our spectra, except in
some cases in the wavelengths short-ward of 3.4 µm, characterized by heavy and variable
atmospheric absorption. Nevertheless, it has minor importance since the spectral lines used
1IRAF is distributed by the National Optical Astronomy Observatories, which are oper-
ated by the Association of Universities for Research in Astronomy, Inc., under cooperative
agreement with the National Science Foundation.
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Table 1: List of Be stars for which L-band spectra were obtained with ISAAC. A quality
flag (Q) is given for every spectrum: G for good and N for noisy
Object N slit exptime airmass seeing MJD Q
[′′] [s] [′′]
V1448 Aql 20 0.3 1.85 1.3 0.6 52789.3411-52789.3726 G
V1448 Aql 6 2.0 0.28 1.2 0.7 52789.2966-52789.3046 N
V518 Car 4 0.3 1.85 1.5 0.7 52789.0671-52789.0914 G
V518 Car 2 2.0 0.28 1.7 0.8 52789.1062-52789.1078 N
V767 Cen 2 2.0 0.28 1.7 0.7 52860.0731-52860.0746 G
V817 Cen 2 0.3 1.85 1.7 0.8 52847.0313-52847.0329 G
V817 Cen 2 2.0 0.28 2.0 0.9 52847.0525-52847.0540 G
µ Cen 2 2.0 0.28 1.7 1.0 52859.0684-52859.0700 G
µ Cen 2 0.3 0.28 1.6 0.9 52859.0622-52859.0639 G
CP Cir 4 0.3 1.85 1.6 0.7 52788.2476-52788.2526 G
CP Cir 2 2.0 0.28 1.4 0.8 52788.2127-52788.2303 N
CP Cir 2 2.0 0.28 1.6 0.6 52788.2643-52788.2659 N
KV Mus 20 0.3 1.85 1.9 0.7-1.0 52858.9951-52859.0246 N
OZ Nor 2 2.0 0.28 1.1 0.9 52789.2050-52789.2066 G
OZ Nor 2 0.3 1.85 1.8 0.9 52790.3767-52790.3784 G
V457 Sct 20 0.3 1.85 1.1 0.7 52788.3288-52788.3603 G
V457 Sct 8 2.0 1.85 1.2 1.1 52789.2186-52789.2297 N
V341 Sge 4 0.3 1.85 1.5 0.4 52789.3885-52789.3918 G
V341 Sge 2 2.0 0.28 1.4 0.7 52789.3138-52789.3155 G
V4024 Sgr 2 2.0 0.28 1.0 0.7 52789.2791-52789.2806 G
V4024 Sgr 2 0.3 1.85 1.8 0.8 52790.3921-52790.3937 G
V1150 Tau 16 0.3 1.85 1.2 1.0-1.4 52886.4000-52886.4232 G
V1150 Tau 6 2.0 0.28 1.5 0.8 52887.3249-52887.3324 G
V395 Vul 2 2.0 0.28 1.5 0.7 52789.3258-52789.3274 G
V395 Vul 2 0.3 1.85 1.7 0.8 52790.4069-52790.4086 G
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in this work are mostly located out of this region. The spectra taken with the wide slit
were flux calibrated with the aid of the standard star BS5471 (spectral type B3V), whose L
magnitude is known. Those spectra taken with the narrow slit were continuum normalized.
The observing log given in Table 1 indicates the number of spectra per object, single spectra
exposure times and some additional observational parameters.
3. Results
The L-band IR spectral region, between 3.0 µm and 4.1 µm, displays Brα, Pfγ, Pfδ,
Pfǫ and most of Humphreys’ lines from transition 6−14 to the end of the series. Weak
He I 4.038-4.041 µm emission is observed in µ Cen, OZ Nor, V 4024 Sgr and V1150 Tau.
Although the blue region was discarted by not providing a confident telluric substraction,
we do observe Pfδ and Pfǫ emission in OZ Car, V 817 Cen and V1150 Tau. The emission
line spectra look similar to those of Be stars with irregular photometric variability, like γ
Cas (Hony et al. 2000). According to the intensity of the emission lines, the sample of 13
Be stars can be classified in three groups: those with Brα and Pfγ emissions equally intense
as Humphreys’ lines (Group I, gathered in Fig. 1); those with Brα and Pfγ emissions more
intense than Humphreys’ lines (Group II, see Fig. 2), and those where no line emission
is detected (Group III, Fig. 3). In this scheme, V 1150 Tau could be a transition object
between Group I and II. All stars show blue continua, and µ Cen is notable for showing a
break in the continuum slope around λ = 3.9 µm, which we attribute to an instrumental
effect that should not affect our measurements of line intensity relative to the continuum
and emission line widths.
L magnitudes were computed by convolution of the spectra obtained with the slit of
2′′ with the transmission curve of the L filter given by Bessell & Brett (1988). As part of
the spectrum of µ Cen was corrupted and for KV Mus we had only one spectrum taken with
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Fig. 1.— IR wide slit spectra of stars of Group I.
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Fig. 2.— IR wide slit spectra of stars of Group II and V1150 Tau.
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Fig. 3.— IR wide slit spectra of stars of Group III and the B3V star BS5471.
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the narrow slit (0.3′′) which shows no emission lines, no magnitude determinations were
possible for these stars. In Table 2 we list the L magnitudes, the fundamental parameters of
the program stars and their classification in the aforementioned groups. The V sin i values
were taken from Hubert, Floquet & Zorec (2000), Glebocki & Stawikowski (2000), Yudin
(2001) and Fre´mat et al. (2006).
Some of our stars were too bright to determine the outburst stage (outburst/quiescence)
from reliable ASAS-3 V-band light curves (Pojman´ski 2001) at the epoch of our L-band
spectroscopy. Others were not included in such a catalog. The exception was OZ Nor, that
was observed near maximum at the time of the L band spectroscopy. The Hα spectrum of
V395 Vul taken in may 23, 2003 and of V 4024 Sgr taken in may 29, 2003, suggest that our
IR observations for these stars were obtained during minimum and maximum Hα emission,
respectively (http://astrosurf.com/buil/becat/).
Line fluxes, full width at half maximum (FWHM) and equivalent widths, measured in
the narrow slit spectra using the splot IRAF task, vary strongly from star to star. In Table
3 we list these parameters for the stars showing emission lines (groups I and II).
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Table 2: Spectrophotometric L magnitudes, fundamental parameters from given references
and 2MASS color excess of the observed Be stars. The note indicates the classification group
and the outburst character (l= long, s=short, see text). V sin i is in km s−1.
object L Teff(K) log g S.T. V sin i E(H −K) Note Ref.
V1448 Aql 7.66 20 000 3.80 B2 IVe 243 0.124 III/s a
V518 Car 5.31 18 700 – B3-5Ve 130 0.043 III/l c
µ Cen – 23 130 4.04 B2 IV-Ve 155 – II/s d
V767 Cen 5.66 23 320 3.95 B3 IIIe 70 0.224 I/s d
V817 Cen 5.25 17 490 3.12 B3 IVe 130 0.178 I/s b
CP Cir 8.00 15 000 – B5 IVe – 0.005 III/l c
KV Mus – 18 700 – B3Ve – 0.057 III/l c
OZ Nor 5.64 20 300 – B2Ve 86 0.259 I/l c
V457 Sct 7.82 23 000 3.80 B1.5 IVe 202 0.306 III/s a
V341 Sge 7.58 22 000 – B2.5Ve 115 0.105 II/s c
V4024 Sgr 4.85 18 940 3.49 B2Ve 120 0.113 I/l d
V1150 Tau 7.25 22 000 – B2.5Ve 340 0.323 I/l c
V395 Vul 5.36 17 790 3.93 B2.5Ve 230 0.134 II/s d
(a) and (b) from Fre´mat et al. (2005,2006)
(c) from Wright et al. (2003);(d) from Zorec et al. (2005)
